The experiment aimed to study the effect of the irrigation water quality on the growth of seedlings and its yield of quinoa plant through some traits i.e., plant height, number of leaves per plant, 1000 grains weight, dry weight per plant , stem diameter, inflorescence length and grain yield per plant. Four treatments were used as follow: T1 (low salinity water, EC 1.25 dS m -1 ), T2 (mix water between low salinity water and agricultural drainage water at ratio 1:1, EC 4 dS m -1 ), T3 (agricultural drainage water, EC 8 dS m -1 ) and T4 (high salinity water, EC 16 dS m -1 ). The treatments application was at the beginning of the plant buds so that the amount of irrigation water up to 75% from field capacity. The significant effects of treatments were found on all tested traits. Also, the results clarified that the rate of chlorophyll ranged between 44.18 (treatment T4) and 53.75 SPAD (treatment T3), water potential of the fourth leaf has ranged from -0.83 to -1.745 MPa for T1 and T3 treatments, respectively, number of leaves per plant was ranged between 26.5 and 28.5 when the plants were irrigated with T4 and T1 irrigation water treatments, respectively. The inflorescence lengths were varied between 8 cm at T4 treatment and 12 cm at T2 treatment. The plant height was ranged between 53.5 cm (T4) and 60.75 cm (T3). The low values of seed yield were recorded at T4 (17.05 g/plant) while the higher values were recorded with T2 treatment (34.08 g/plant). 1000-grain weight values were ranged between 2.97 g at T2 treatment, and 3.49 g at treatment T1.
Introduction
Salinity and drought are two main environmental factors determining plant productivity and distribution of most major crops (Bartels & Sunkar, 2005) . Soils are classified as saline when the electrical conductivity of a saturated paste (ECe) is 4 dS m-1 (40 mM NaCl) or more (USDA-ARS, 2008) . So, over 6% of the global land area is affected by salt (Munns, 2005) . Salinity inhibits plant growth in two ways: first, it reduces the ability of plants to take up water (osmotic or water-deficit effect); second, excess salt in the transpiration stream causes injury to cells in the transpiring leaves (salt-specific or ion-excess effect) (Greenway & Munns, 1980) . In the same context, Munns and Tester (2008) confirmed that, plants respond to salinity stress in two phases: a rapid response to the increase in external osmotic pressure (starts immediately after the salt concentration around the roots increases to threshold levels, which decrease the new shoot growth) and a slower response due to the accumulation of Na + in leaves (salt accumulation to toxic concentrations and increase senescence of older leaves). Quinoa (Chenopodium quinoa Willd.) has been cultivated in the Andean region for thousands of years, providing highly nutritious food to poor farmers in the Andes (Pearsall, 1992) . The conditions for crop growth are very difficult in the high region of the Andes, where the most harmful a biotic adverse factors that affect crop production are drought, frost, soil salinity, hail, snow, wind, flooding, and heat (Garcia et al., 2003) . Chenopodium spp. have been cultivated for centuries as a leafy vegetable (Chenopodium album) as well as an important subsidiary grain crop (Chenopodium quinoa and C. album) for human and animal food stuff due to high-protein and essential amino acids (Prakash & Pal, 1998; Bhargava et al., 2003a) , a wide range of vitamins (A, B2, E) and minerals (Ca, Fe, Cu, Mg, Zn) (Repo-Carrasco et al., 2003) . Although, quinoa grains do not contain gluten and thus, they cannot be used alone for bread-making. However, they can be mixed with wheat flour in the preparation of bread with high nutritional value (Morita et al., 2001) . Accordingly, quinoa has been selected by the food and agriculture organization (FAO) as one of the crops destined to offer food security in the 21 st century (Jacobsen, 2003) . Several studies showed that even halophytes are particularly salt sensitive during the stages of seed germination and seedling establishment (Tobe et al., 2000; Malcolm et al., 2003) . However, they have an advantage over plant species that lack strategies to deal with salt in the soil (Tobe et al., 2000; Rosa et al., 2004) . Salinity tolerance is a heritable trait with a polygenic character linked to a complex genetic basis that can be used as an efficient criterion for selection of salt resistant populations (Flowers & Colmer, 2008) . There is also evidence to support the view that salt tolerance is a complex physiological trait affecting entirely the plant's life (Flowers, 2004) . In addition, the quinoa plant is reported to be tolerant to drought (Garcia et al., 2007) , and also resists frost before the flower-bud formation stage (Jacobsen et al., 2005) and salinity (Ruffino et al., 2010; Hariadi et al., 2011) . However, the definition of indicators that plant breeders might apply in open field to improve quinoa, for its tolerance or adjustment to saline environments, is still a matter of debate (Razzaghi et al., 2011a) .
In the present paper, the aim of this study was to investigate the response of growing quinoa seedling under salinity stress in different growth stages. By measuring the effect of irrigation water quality on some vegetative and physiological parameters and the grain yield, conclusions can be drawn on a promising strategy of salinity water irrigation for the crop.
Materials and Methods

Water Irrigation and Soil Characteristics
Pots experiment was conducted in a greenhouse of Training and Research Station of Agricultural and Veterinary of King Faisal University, Al-Ahsa. Four treatments used as follow:
1) The first treatment (T1): low salinity well irrigation water treatment (electrical conductivity of irrigation water (ECw), 1.25 dS m -1 ).
2) The second treatment (T2): mix water between low salinity well irrigation water and agricultural drainage water at ratio 1:1 (ECw, 4 dS m -1 ).
3) The third treatment ( The chemical analysis of treatments water used and in this experiment showed in Table 1 . The soil texture is loamy sand and the level of salinity is 2.61dS m -1 (Table 2 ). According to that of United States Salinity Laboratory Staff (1954) , the soil is suitable for normal plant growth. The pH value of the soil is 7.62. This is within the optimum range reported by Zucconi and Berttoldi (1978) for optimum plant nutrition, (between 6.5 and 8.50). The organic matter of this soil was high (30.2%). The soil is also characterized by high levels of N and high levels of P and K. Note. * Mechanical analysis was done by the international pipette methods (Piper, 1957) ; ** Chemical analyses were performed on saturated paste extract according to procedures outlined by Page et al. (1982) .
Plant Material and Experimental Design
Five seeds of C. quinoa willd (Chipaya cv.) were planted in every pot which contained 5 kg of a mixture of agriculture soil:compost (1:1 v:v). The analysis of mixture between soil and compost are showed in Table 1b . Each treatment consisted of 10 pots. The application of treatments carried out at the beginning of the plant buds stage so that the amount of irrigation water up to 75% from field capacity. These experiments were set up in a randomized complete block design with four replicates.
Measurements of Plant Growth and Yield
At the end of the experimental period, quinoa plants (Chipaya cv.) were carefully removed from the substrate. Then, the plants of each pot were separately harvested and recorded each of plant height (cm) , the total number of leaves per plant, 1000 grains weight (g), dry weight (dried at 740c for 48 h) (g/plant), stem diameter (cm), inflorescence length (cm) and grain yield per plant (g) for each treatment. All of the traits measured per ten plants and mean calculated for each trait except some traits calculated in the fourth leaf per ten plants as follows: Amount of chlorophyll was measured using chlorophyll Meter SPAD-502 that is widely used for the rapid, accurate and without causing damage of the amount of chlorophyll present in the leaf. Also, leaf water potential measured in mid-day after covered the targeted leaf (the forth leaf) with a small plastic bag around the leaf to avoids any transpiration. Then quickly placed through the chamber lid which closed tightly. Positive pressure exerted on the leaf inside chamber using nitrogen gas which equals the negative pressure inside the leaf, liquid in the leaf blade will begin to be forced out of the cut edge of the leaf., this pressure value is the leaf water potential (MPa). In the same context, is measured the area of fourth leaf (cm 2 ) after measured the amount of chlorophyll.
Statistical Analysis
The data were analyzed statistically by an analysis of variance and the comparison between all the data obtained was made by Duncan's Multiple Range Test (DMRT).
Results
Effect of Salinity on the Vegetative and Physiological Traits
3.1.1 The Rate of Chlorophyll in the Fourth Leaf Figure 1 illustrates the effect of the quality of irrigation water on the ratio of chlorophyll in the fourth leaf of the quinoa plant, where the results showed that the rate of chlorophyll ranged between 44.18 T4 treatment (EC 16 dS m -1 ) and 53.75% of T3 treatment (EC 8 dS m -1 ) with a standard deviation 3.98 and general average rate 48.33%. Although the effect of irrigation water salinity on plant growth and physiological processes, it is clear that chlorophyll content of quinoa plant seedlings tolerant salinity of irrigation water but decreased with increasing water salinity at 16 dS m -1 (T4). Generally, the results showed that the highest percentage of chlorophyll content in seedling were recorded when exposed to irrigation water with EC 8 dS m -1 (T 3). 
Water Potential in the Fourth Leaf
The effect of irrigation water salinity on the water potential in the fourth leaf of quinoa plant seedling, where the results showed that the leaf water potential has ranged from -0.83 to -1.745 MPa for both T1 and T3 treatments respectively, and the general average of leaf water potential -1.14 MPa and the standard deviation 0.53 (Figure 2 ). These data confirm that the high salinity level of irrigation water reduces the water potential of the leaf which shows the salt osmotic plays a role in the absorption of water. The reason is that salinity may not cause elongation of plant cells but lead to cell division, leading to increased number of cells per unit area, leading to the appearance of dark green, which is reflected in the amount of chlorophyll. So, it must plant that consumes energy for water absorption from the soil solution instead of consumes it for cell growth processes. 
The Number of Leaves per Plant
In Figure 3 , the results showed that the number of leaves per plant decreases with increasing salinity of irrigation water from T1 (EC, 1.25 dS m -1 ) to T4 (EC, 16 dS m -1 ), where the values of leaves number per plant per ranged from 26.5 when irrigated using T4 treatment to 28.5 when irrigated using T1 treatment and the general mean of leaves number per plant was recorded 27.08 and the standard deviation was 0.97.Also, the analysis of data explained that, there is no difference between T1 treatment (EC, 1.25 dS m -1 ) and T2 treatment (EC 4 dS m -1 ) and also there is no difference between T3 (EC 8 dS m -1 ) and T4 (EC 16 dS m -1 ). ). The length of the flower of the attributes of good growth and therefore may be affected by salinity of irrigation water. There is no significant in the average length of the flower which exposed to T3 and T4 treatments and also between T1 and T3. 
Plant Height
The results in Figure 5 showed that, the length of the plant after 45 days of agriculture has been influenced by salinity of irrigation water, where the values of plant height ranged between 53.5 to 60.75 cm when the plants were irrigated using T4 and T3 treatments respectively. In the same manner, There were non-significant differences between treatments T2 and T4, where the standard deviation recorded 3.31 and the general average of the plant height recorded 56 cm. Salinity reduces the ability of plants to take up water, and this quickly causes reductions in growth rate, along with a suite of metabolic changes identical to those caused by water stress. 
Effect of Salinity on Yield and Its Components
Grain Yield per Plant and 1000 Grains Weight
Seed yield per plant ranged between 17.05 using T4 treatment to 34.08 g using T2 treatment. Where the standard deviation was 7.10 ( Figure 6 ) and the general average of yield was 26.78. According to, the effect of salinity irrigation water on the 1000-grain weight values ranged between 2.97 g using T2 treatment, and 3.49 g with T1 treatment. The difference among the averages of the most treatments (T1, T3 and T4) was non-significant, where the ability of the standard deviation recorded 0.31. The general average value was 3.25 g (Figure 7 ). 
Effect of Salinity on Some Traits of Growth
The results of the influence of irrigation water saline treatments on some traits of growth (no. of days to flowering, no. of days of maturity, leaf area, stem diameter and dry weight/plant) were presented in Table 3 . The results revealed significant differences between irrigation water saline treatments (T1, T2, T3, and T6) with regard the morphological traits studied (number of days to flowering, number of days of maturity, leaf area (cm 2 ), stem diameter (cm), dry weight per plant (g). Concerning number of days to flowering, the highest value (84.59 days) was obtained at T2 while the lowest value (67.00 days) was obtained under T4 treatment with no significant differences between T1 and T2 treatment in their effect on number of days to flowering. The saline treatment T2 produced the highest no. of maturity days (131.43), whereas the saline treatment T4 produced the least no. of maturity days (95.00). The lowest leaf area was produced by quinoa plants grown under T4 treatments (15.01 cm 2 ) (Table 3 ). However higher leaf area value (19.00 cm 2 ) was obtained under T2 treatment as compared to other tested treatments. The dry weight values were ranged from 14.48 g/plant (T4) to 19.04 g/plant (T2) ( Table 3) . $$ Any two means not sharing the same letter in common in a column differ significantly at 5% probability.
Discussion
Effect of Salinity on the Vegetative and Physiological Traits
The results presented in Figure 1 , Tables 3 and 4 are agreement with Ana Maria et al. (2010) who decided that, relative water content, chlorophyll, carotenoids, lipids, and proteins traits in quinoa seedlings were significantly lower under salinity (250 mM NaCl) and Eisa et al. (2012) who reported that, the net photosynthesis rates of quinoa plant were greatly decreased by high salinity, being 28% of initial control values at 500 mM NaCl also they reported that salt-induced growth reduction is presumably due to low photosynthetic supply as a Vol. 7, No. 8; 2015 consequence of impaired photosynthetic capacity. According to Tammam et al. (2008 ), Geissler et al. (2009 , chlorophyll content in the plant due to the strength of growth as affected by growing conditions, processes of agricultural irrigation and the quality of irrigation water.
About leaf water potential trait, the same trend was earlier reported by Eisa et al. (2012) that confirm that leaf water potential of C. quinoa was significantly (P ≤ 0.05) decreased from -0.6 MPa under control conditions to about -5 MPa at salinity of 500 mM NaCl . It appears that the effect of salt on morphological and physiological traits of quinoa plan reduce the number of leaves or shoot to provide the energy needed for water absorption is necessary of plant growth. Greeway and Munns (1980) pointed that, the salts inhibit plant growth in two ways, first reduce the plant's ability to absorb water (impact of deficit water) and the second, increase salts in the stream evaporation -transpiration cause damage to the cells in the leaf transpiration (influence qualitative to the salts or the effect of the increase ionic).
In the same context, to discuss the results of inflorescence length (Figures 4a and 4b ) Jacobsen et al. (2001) showed that, quinoa can grow in extreme saline condition up to soil electrical conductivity of 52 dS m -1 , with inflorescence size being most sensitive to salinity. Also, the initial reduction in shoot growth is probably due to hormonal signals generated by the roots (Munns, 2002) . Koyro and Eisa (2007) explained that, salt-induced growth reduction is presumably due to low photosynthetic supply as a consequence of impaired photosynthetic capacity. Together, these indicate that C. quinoa is a promising salt-tolerant, in terms of biomass production, and can be grown productively under low to moderate saline condition. Also, they confirmed that all growth traits of quinoa plant affected by the very high salinity where, this effect depends on the type and quantity of salt. In the same manner Cocozza et al. (2013) confirmed that, quinoa plant showed good resistance to water and salt stress through stomatal responses and osmotic adjustments that played a role in the maintenance of a leaf turgor favorable to plant growth and preserved crop yield.
Effect of Salinity on Yield and Its Components
Effect of Salinity on Some Traits of Growth
These results are in agreement with that obtained by Panuccio et al. (2014) in their study on the effect of sea water concentrations (25, 50, 75 and 100%) on seed germination and early seedling growth of quinoa where they found that the growth parameters (root and shoot length, root morphology, fresh and dry weight, and water content) affected with saline water as comparing with pure water. And they added that all morphological properties decreased with increasing the salinity in water. Also, Koyro et al. (2008) showed that Chenopodium quinoa was able to complete its life cycle and produced seeds even at seawater salinity. However, the growth furthermore, the yield, number of seeds, weight and seed dry matter per plant were significantly reduced in the presence of salinity. The above results in Table 3 revealed that the growth and yield of quinoa plant decrease with increasing salinity irrigation water as a result of the impact on the morphological and physiological characteristics as explained Koyro and Eisa (2007) . In the same manner, Bhargava et al. (2003c) showed that, stem diameter, inflorescence/plant and dry weight/plant were determined as factors controlling grain yield on sodic soil. Richards (1992) showed that low external water potential, which result from salt stress, can cause morphological and or functional plant adaptations. Morphological plant adaptations included a reduction in leaf area with a consequent reduction in assimilatory material per unit of plant material and reduction in water use.
Conclusion
Results clearly revealed that, the increasing of salinity of water over 4 dS m -1 has influence on some traits of growth and yield (no. of days to flowering, no. of days of maturity, leaf area, stem diameter and dry weight/plant), weight of seeds/plant, and inflorescence length. However, the number of leaves per plant decreased with increasing level of salt in irrigation water and water potential in the fourth leaf increased with increasing water salinity. Also, the rate of chlorophyll in the fourth leaf increased with increasing water salt up to T3 (EC 8 dS m -1 ). That meaning the morphological properties and yield of quinoa plant will be decreased due to salt stress. Morphological plant adaptations included a reduction in leaf area with a consequent reduction in assimilatory material per unit of plant material and reduction in water use. In conclusion, the highest values in most of the morphological traits were studied when using salinity irrigation water at a rate 4 dS m -1 to irrigate quinoa plant under greenhouse conditions, which proves that the quinoa crop resistant to salinity. thanks to Deanship of Scientific Research of King Faisal University.
